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Abstract 
In this work 3D simulations are used to study the impact of technological parameters on device performance of c-Si interdigitated 
back-contacted IBC solar cells with point-like doped contacts. In these cells, the highly-doped regions are defined in a point-like 
structure instead of the more classical arrangement of fully doped fingers. Numerical simulations allow us to optimize rear 
contact geometry, i.e. optimum pitch between contacts, depending on the substrate resistivity and the passivation quality of base 
contacts. Results show a trade-off between recombination and base resistive losses demonstrating limit efficiencies over 27% for 
a perfectly passivated structure on p- and n-type substrates. More realistic devices where state-of-the-art surface passivation is 
considered reach efficiencies beyond 22% on 2  1 cm substrates with optimum pitch values of 200  50 μm.   
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Peer-review under responsibility of the scientific committee of the SiliconPV 2014 conference. 
Keywords: IBC solar cell; c-Si; point-like contacts; 3D simulation; electrical shading; laser doping 
1. Introduction 
In interdigitated back-contacted IBC solar cells, the emitter and the high doped back surface field (BSF) regions 
as well as the metallization for both polarities are located at the back side. High efficiency solar cells (> 20%) based 
on this concept have been reported in the past using either diffused regions [1] or applying the heterojunction with 
intrinsic thin layer (HIT) concept [2]. Alternatively, laser processing can be a good alternative to perform point-like 
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doped p+ and n+ regions [3] in a cost-effective way. In order to yield high efficiency solar cells, high bulk carrier 
lifetimes and an outstanding front surface passivation is required to ensure a high photocarrier collection at the p-n 
junctions. Additionally, the non-doped and BSF regions compete directly with emitter regions in carrier collection 
when they are poorly passivated. This effect, known as electrical shading, dramatically decreases short circuit 
current density. This phenomenon is particularly important for point-like doped IBC solar cells where emitter 
regions represent a very little fraction of the whole rear area.  
In this work we use 3D numerical simulations (Synopsys TCAD program) to study the impact of technological 
parameters on device performance of c-Si IBC solar cells with point-like doped contacts. Additionally numerical 
simulations allow us to optimize rear contact geometry, i.e. distance between contacts or pitch p, depending on the 
substrate resistivity as a trade-off between recombination and resistive losses.  
2. Basic unit cell definition 
IBC solar cells can be studied as a repetition of a simple domain, so-called unit cell, reducing simulation time and 
hardware computational requirements. In fig. 1a a 2D cross section sketch of the simulated unit cell, considering a 
p-type substrate, is shown. Notice that in the basic unit cell there is a single emitter contact by every base contact.  
 
Fig. 1. a) 2D cross section sketch of a non-simplied and b) simplified basic unit cell considering a p-type substrate. c) Incident spectral irradiance 
S() (AM1.5G 1 kW/m2 solar spectrum), and the modified spectral irradiance Smod (). Front reflectance R corresponds to a precursor sample with 
randoms pyramids passivated with Al2O3 (90 nm thick) and a stack of Al2O3 (90 nm)/SiCx (50 nm)/Al (2 μm) as a back reflector. 
The corresponding IBC solar cell is a periodical repetition of this unit cell, with length period p, once it is flipped 
with respect to the symmetry planes. Additionally, the unit cell is simplified (see Fig. 1b) as follows: a) the doped 
regions, at the base contacts, p+ or n+ in p- or n-type substrates respectively, are replaced by an effective surface 
recombination velocity Sc,base as a boundary condition. b) All point-like doped contacts have the same radius r=30 
μm, if not otherwise stated, and the wafer thickness was set to w=260 μm. c) SF and SR are the effective surface 
recombination velocities at the front and rear surfaces respectively. Bulk recombination is limited by intrinsic 
mechanisms (Auger and radiative recombination), which is modelled using a recent parameterization given in ref. 
[4]. Additionally trap-assisted Shockley-Read-Hall SRH mechanism is neglected in the study (the related lifetime is 
set to 1 s). d) A Gaussian emitter doping profile, n+ or p+ depending of substrate polarity, with a junction depth of 
1.5 μm and a peak doping of 11020 cm-3 have been introduced in the simulations. Moreover, a full area contacted 
emitter with a surface emitter recombination velocity Sc,emitter of 5106 cm/s has been considered in the study, 
resulting in an emitter dark saturation current density Joe of 250 and 125 fA/cm2 on n+ an p+ pont-like doped 
emitters respectively. e) The textured front side is replaced by a flat polished surface with total optical transmission 
(T=100%) and considering simultaneously a modified AM1.5G spectral irradiance Smod =S()(1-R()) as incident 
light. Where S() is the spectral irradiance of the standard AM1.5G spectrum and R() is the measured reflectance 
of a IBC precursor (see Fig. 1c). Additionally, an internal front and rear reflectance of Rint_front=100% and <Rint_rear> 
respectively are introduced in the simulations. The last parameter is adjusted for every pitch taking into account the 
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metallization gap between electrodes (80 μm as default value), an internal reflection of 94% for metallized non-
contacted areas, 86% for contacted areas and 15% for non-metallized areas. f) Flat bands have been considered at 
the passivated semiconductor surfaces, i.e. neither dielectric charge and nor metal-insulator-semiconductor interface 
are considered in the simulations. Therefore, there are no inversion or accumulation layers below passivated 
surfaces. g) Physical models - e.g. carrier statistic, bang gap narrowing, and carrier mobilities - are the same as 
considered in reference [5]. 
3.  Ideal basic unit cell simulations 
In order to assess the maximum performance of this type of structure, we have simulated the basic unit cell at 
T=25ºC considering an ideal surface passivation SF=SR=Sc,base=0 cm/s and the same resistivity on both n- and p-type 
substrates (2 cm), resulting low injection bulk lifetimes and minority carrier diffusion lengths higher than 15 ms 
and 6 mm respectively. In fig. 2 photovoltaic parameters as a function of the pitch p are shown, where Jsc, Voc, FF 
and  are the photocurrent density, the open circuit voltage, fill factor and efficiency respectively. We have also 
included simulations considering a zero intermetallic gap to calculate the average back reflectance. For the sake of 
clarity, gap=0 μm results are only shown in the Jsc and  graphs (continuous lines). This case can be considered an 
upper limit of lab solar cells fabricated using either high resolution photolithography or multilevel metallization 
strategies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Short circuit current density Jsc a), open circuit voltage Voc b), fill factor FF c) and efficiency  d) vs. pitch p on n- and p-type substrates 
with the same resistivity (2 cm) considering a gap=80 μm and an ideal front and rear surface passivation. Lines without symbols in Jsc and  
graphs are the simulated results considering a gap=0 μm between electrodes.  
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Two relevant trends are observed in the simulations. On the one hand the n-type substrate offers lower 
efficiencies than p-type counterpart independently of the pitch. Notice that in this type of solar cell, minority carriers 
travel to the p-n junctions basically by the diffusion transport mechanism. Despite n-type substrates exhibits higher 
lifetimes, the minority diffusion length is lower than in the counterpart p-type material, provided the lower 
diffusivity of holes than electrons. This fact explains the important drop in Jsc when pitch increases on both 
substrates, but more severely on the n-type case. On the other hand, we can observe an optimum pitch on both 
substrate polarities around 250 μm resulting of a trade-off between base resistance and carrier collecting losses, 
lowering FF and Jsc for long pitches, and the recombination at the emitter regions which decreases Voc, FF and 
efficiency for short pitches. Table 1 summarizes the simulation results for a pitch of 250 μm. 
Table 1. Photovoltaic parameter values of an ideal IBC solar cell (SF=SR=Sc,base=0 cm/s) considering a gap=80 μm and 0 μm (in parenthesis) for 2 
cm n- and p-type substrates (p=250 μm, r=30 μm). 
Substrate Jsc (mA/cm2) Voc (mV) FF (%)  (%) 
p-type 40.8 (42.3) 734 (735) 85.4 (85.4) 25.6 (26.6) 
n-type 40.7(42.2) 731(732) 85.0 (85.0) 25.3 (26.3) 
      
Despite recombination in the structure is partly dominated by the emitter point-like regions, i.e. by Joe, base 
recombination plays an important role in the final efficiency as it can be seen in Fig. 3a. In this study we determine 
the optimum pitch popt and the related efficiency considering several radii in the 2.5 to 30 μm range. It is clear that 
smaller r values increase efficiency to values higher than 27% on both n- and p- substrates for optimum pitches 
which correspond to emitter contacted area fractions around 1%, as a rule of thumb, in the 5-30 μm contact radius 
range. This improvement is a consequence of reducing base region volume, decreasing accordingly intrinsic 
recombination as well as base ohmic losses.  
Fig. 3. a) Optimum pitch popt and efficiency as a function of the point-like radius r (gap=0 μm, SF=SR=Sc,base=0 cm/s) on n- and p-type substrates. 
b) Influence of SF and SR in efficiency on 2 cm p-type material (Sc,base=102 cm/s, p=250 μm, r=30 μm, gap=80 μm). 
4. Influence of surface passivation on the electrical shading and pitch optimization 
Front and rear surface passivation plays a paramount role in the device performance. In Fig. 3b we can see the 
effect of SF and SR in efficiency with Sc,base=100 cm/s on 2 cm c-Si(p) substrates  (p=250 μm, r=30 μm and gap=80 
μm). It is clear that to obtain efficiencies over 24%, outstanding values below 10 cm/s of both SF and SR parameters 
are mandatory, otherwise efficiencies drop dramatically in this type of solar cell.  
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In addition to front and rear surface recombination, base contact surface recombination velocity Sc,base has a 
strong impact in the electrical shading especially in n-type substrates as it can be seen if Fig. 4. There, both SF and 
SR were set to 10 cm/s. These surface passivation values are representative of the state-of-the-art on surface 
passivation on polished or textured surfaces using atomic layer deposition ALD Al2O3 [6,7], plasma-enhanced 
chemical vapor deposition PECVD SiCx, SiOx, or SiNx [8,9], or thermal SiO2 [10] films. In this study four 
representative Sc,base values 102, 2103, 104 and 5106 cm/s are considered, i.e. from an ideal BSF to a non-
passivated contact, and considering a resistivity 	 and pitch range of 0.5-5 cm (n- and p- type substrates) and 100-
400 μm respectively. For very well passivated base contacts (< 2103 cm/s), a pitch of 200  50 μm and a resistivity 
of 2  1 cm are the best choice, yielding efficiencies over 23% and 22% on p- and n-type substrates respectively. 
Table 2 summarizes the best results in both substrates considering Sc,base=100 cm/s. On the other hand, high Sc,base 
values penalizes severely Jsc and Voc requiring high resistivity and longer pitches to mitigate the sharp drop in 
efficiency.  
Fig. 4. Efficiency  vs. pitch p and resistivity 	 2D contours on p-type (I) and n-type (II) substrates for four representative Sc,base values:  a) 102, b) 
2·103, c) 104 and d) 5·106 cm/s. In all cases SF and SR values were set to 10 cm/s (r=30 μm and gap=80 μm). 
Table 2. Photovoltaic parameter values on n- and p-type substrates for optimum pitch popt considering SF=SR=10 cm/s, Sc,base=100 cm/s, gap=80 
μm and r=30 μm. Optimum resistivity was 1 cm on both cases. 
Substrate popt (μm) Jsc (mA/cm2) Voc (mV) FF (%)  (%) 
p-type 200 38.6 717 84.3 23.3 
n-type 150 37.8 700 83.4 22.1 
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5. Conclusions 
In this work we use 3D simulations to study the impact of technological parameters on device performance of c-
Si interdigitated back-contacted IBC solar cells with point-like doped contacts. Numerical simulations allow us to 
optimize rear contact geometry, i.e. optimum pitch between contacts, depending on the substrate resistivity and the 
passivation quality of base contacts. Results show a trade-off between recombination and base resistive losses 
demonstrating limit efficiencies higher 27% for ideally passivated structures on p- and n-type substrates dominated 
by intrinsic recombination mechanisms (Auger and radiative recombination). In this ideal case, very short pitches, 
e.g. 50 μm, with emitter contacted area fractions of about 1%, as a rule of thumb, are the best option to the rear 
contact geometry. Surface recombination at the front and rear surfaces, as well as at the base contacts, plays a 
paramount role in the electrical shading of the cell. Realistic devices, where state-of-the-art surface passivation is 
considered, reach efficiencies beyond 23% and 22% on 2  1 cm p- and n-type substrates respectively with 
optimum pitch values of 200  50 μm. In a further work we will analyze contact complex geometries to mitigate in 
part the impact of a high surface recombination at the base contacts. 
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